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Figure S1: Metabolic Changes in ROS-low LSCs and ROS-high cells. Related to

Figure 1.

A. ROS levels in CD34+/CD38-, CD34+/CD38+, total blasts, lymphocytes, and bulk product.

B. Top 50 individual metabolites in ROS-low LSCs (Green) and ROS-high cells (Red)

ranked by p-value. Statistical significance was determined by paired two-tailed Student's t-

test. C. PCA analysis of ROS-Low LSCs and ROS-high blasts. D. Pathway analysis of

metabolites with differential abundance in ROS-low LSCs and ROS-high AML blasts

determined using Metaboanalyst 4.0. E. Heatmap of amino acid uptake after 1 hr culture

with stable isotope labeled amino acids, using specimen 8. Statistical significance was

determined by an unpaired two-tailed Student's t-test. F. Heatmap of amino acid

metabolism in ROS-low LSCs and ROS-high blasts isolated from patients 2 after a 6 hr or

12 hr washout of stable isotope-labeled amino acids with examples of glutamine, glutamate,

and proline metabolism. Linear regression analysis was performed to identify statistically

significant differences in amino acid metabolism between ROS-low LSCs and ROS-high

blasts.



M=male, F=female, NA= not available

Table S1: Patient Characteristics. Related to Figure 1.



Table S2: Significantly different metabolites in ROS-low LSCs vs. ROS-high AML blasts.

Related to Figure 1.
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Figure S2: ROS-low LSCs are not dependent on glutamine, glucose, or lipids. Related to Figure 2.

A. Viability of ROS-low LSCs and ROS-high blasts after culturing without glutamine for 24, 48, and 72 hr.

B. Colony-forming ability of ROS-low LSCs and ROS-high blasts after culturing without glutamine for 24

hr. C. Viability of ROS-low LSCs and ROS-high blasts after culturing without glucose for 24, 48, and 72 hr.

D. Colony-forming ability of ROS-low LSCs and ROS-high blasts after culturing without glucose for 24 hr.

E. Viability of ROS-low LSCs and ROS-high blasts after culturing without lipids for 24, 48, and 72 hr. F.

Colony-forming ability of ROS-low LSCs and ROS-high blasts after culturing without lipids for 24 hr. Each

graph is relative to ROS-low LSCs cultured in complete media (CM), media containing all metabolites.

Each assay was repeated in triplicate. Graphs represent mean and error bars represent SD. Statistical

analysis was performed using two-way Anova. ** p<0.01, *** p<0.005, **** p<0.001
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Figure S3: Protein translation inhibition does not preferentially target LSCs. Related to Figure 3.

A. Protein translation levels measured by OP-puro staining in ROS-low LSCs (red) and ROS-high cells

(blue). B. Viability of ROS-Low LSCs and ROS-high cells isolated from patients 2 treated with Oma for

24 hr. Relative to vehicle control treated cells. C. Baseline levels of oxygen consumption OCR of ROS-

low LSCs and ROS-high blasts. Statistical significance was determined by unpaired two-tailed

Student's t-test. (n=5) D. Baseline levels of glycolysis (ECAR) of ROS-low LSCs and ROS-high blasts.

Statistical significance was determined by unpaired two-tailed Student's t-test. (n=5) E. Diagram

showing experimental design. ROS-low LSCs and ROS-high AML cells were cultured with or without

amino acids for 4 hr. Stable isotope glucose was fluxed into cells for 8 hr. F. Graph shows levels of 13C

glucose and enrichment of heavy atom (13C) from the stable isotope glucose into TCA cycle

intermediates. Specimen 7 used for this analysis. Statistical analysis was performed using two-way

ANOVA. (n=4) * p<0.05, * p<0.01, *** p<0.005, **** p<0.001, NS = not significant
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Figure S4: Global Metabolic Changes in patients treated with venetoclax + azacitidine. Related to

Figure 4.

A. Heatmap showing the individual metabolites from three patient pre and 24 hr post venetoclax +

azacitidine treatment. B. Metabolic pathways altered after a 24 hr treatment with venetoclax + azacitidine in

patients. Box plots represent the minimum to maximum values with the center line representing the mean.

Error bars represent standard deviation. C. Amino acid levels in the ROS-high AML blasts isolated from the

3 patients pre and post venetoclax with azacitidine. Box plots represent the minimum to maximum values

with the center line representing the mean. Error bars represent standard deviation. (n=4) D. Leukemia cell

burden in a patient derived xenograft (PDX) model treated with venetoclax (100mg/kg) and azacitidine

(3mg/kg) for 2 weeks. Patient specimen 7 was used for this analysis. Each dot represents the leukemia cells

/ femur in an individual mouse. E. Heatmap showing amino acids with examples showing amino acid levels

in AML cells isolated from the PDX model 24 hr post treatment with venetoclax with azacitidine. Patient

specimen 7 was used for this analysis. F. Metabolic pathways identified as significantly changed after a 24

hr in vivo treatment with one dose of venetoclax (100mg/kg) + azacitidine (3mg/kg). Patient specimen 7 was

used for this analysis. Statistical analysis was performed using Student’s T-test. * p<0.05, **** p<0.001

P re P o s t

1 0 4

1 0 5

1 0 6

1 0 7

1 0 8

A
m

in
o

  
A

c
id

s

*

B

P re P o s t

1 0 4

1 0 5

1 0 6

1 0 7

N
u

c
le

o
ti

d
e

s

P re P o s t

1 0 0 0 0

1 0 0 0 0 0

1 0 0 0 0 0 0

G
lu

c
o

s
e

P re P o s t

1 0 4

1 0 5

1 0 6

1 0 7

T
C

A
 c

y
c

le

P re P o s t

1 0 5

1 0 6

1 0 7

P
o

ly
a

m
in

e
s

P re P o s t

1 0 0 0 0

1 0 0 0 0 0

1 0 0 0 0 0 0

S
u

lf
u

r 
 M

e
ta

b
o

li
s

m

P re P o s t 

1 0 4

1 0 5

1 0 6

1 0 7

1 0 8

A
m

in
o

 A
c

id
s

P a tie n t 1C

P re P o s t 

1 0 3

1 0 4

1 0 5

1 0 6

1 0 7

A
m

in
o

 A
c

id
s

P a tie n t 2

P re P o s t 

1 0 4

1 0 5

1 0 6

1 0 7

1 0 8

A
m

in
o

 A
c

id
s

P a tie n t 3

V e hic le V e ne to c la x +

a za c i tid ine

0

1 0 0 0 0 0

2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 0 0 0

L
e

u
k

e
m

ia
 C

e
ll

s
 /

 F
e

m
u

r * * * *

D



C o ntro l V e ne to c la x A za V e ne to c la x 

+  a za

S L C 3 8 A 5

S L C 7 A 6

S L C 3 6 A 1

S L C 6 A 6

S L C 3 8 A 9

S L C 3 8 A 1

* * * *

0 .5

1 .0

1 .5

A

C o ntro l V e ne to c la x 

+  a za

1 0 X  

A m ino  A c id s 


1 0 X  A m ino  A c id s

V e ne to c la x 

+  a za

S L C 3 8 A 5

S L C 7 A 6

S L C 3 6 A 1

S L C 6 A 6

S L C 3 8 A 9

S L C 3 8 A 1

* * * *

* * * *

0 .2

0 .4

0 .6

0 .8

1 .0

E0 5 -7 2 4

1 0 5

1 0 6

1 0 7

1 0 8

T im e  H r

A
m

in
o

  
A

c
id

s

* *

N S

* *

B

V e hic le V e ne to c la x A za V e ne to c la x 

+  a za

0

2 5

5 0

7 5

1 0 0

1 2 5

R O S -lo w  L S C s

%
 V

ia
b

le

* *

*

* * * *

C

V e hic le V e ne to c la x A za V e ne to c la x 

+  a za

0

2 5

5 0

7 5

1 0 0

1 2 5

R O S -h ig h  b la s ts

%
 V

ia
b

le

* *

* * *

Figure S5: Amino Acid changes upon Venetoclax with azacitidine treatment over time. Related

to Figure 5.

A. Expression of amino acid transporters in ROS-low LSCs isolated from specimens 7, 9, and 10

treated with 500 nM venetoclax, 2.5 µM azacitidine, or the combination of the two for 4 hr. B. Amino

acid levels from the 3 patients treated with venetoclax + azacitidine for 0 hr, 5 or 7 hr, and 24 hr.

Graph represents the combined changes of the three patients. Box plots represent the minimum to

maximum values with the center line representing the mean. Error bars represent standard deviation.

C. Viability of ROS-low LSCs and ROS-high AML blasts isolated from specimens 7, 9, and 10 treated

with 500 nM venetoclax, 2.5 µM azacitidine, or the combination of the two for 24 hr. Viability is relative

to vehicle control. D. Amino acid levels measured in ROS-low LSCs isolated from specimens 7, 9, and

10 treated with 500 nM venetoclax, 2.5 µM azacitidine, or the combination of the two for 4 hr. Box

plots represent the minimum to maximum values with the center line representing the mean. Error

bars represent standard deviation. E. Expression of amino acid transporters in ROS-low LSCs

isolated from specimens 7, 9, and 10 pretreated with 10 times normal levels of amino acids for 2 hr

and then treated with 500 nM venetoclax and 2.5 µM azacitidine for 4 hr. Graphs represent mean and

error bars represent SD. Statistical analysis was performed using two-way Anova analysis. * p<0.05,

** p<0.01, *** p<0.005, **** p<0.001, NS = not significant
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Figure S6: Venetoclax with azacitidine decreases OXPHOS in vivo. Related to Figure 6.

A. Enrichment map analysis of RNA-sequencing from ROS-low LSCs isolated from 3 patients treated

with venetoclax with azacitidine on the clinical trial. B. OXPHOS levels in blasts isolated from a

patient derived xenograft (PDX) model treated with venetoclax (100mg/kg) and azacitidine (3mg/kg)

for 24 hr. Specimen 7 was used in this analysis. Statistical analysis was performed using two-way

Anova. * p<0.05



Figure S7: Fatty acid metabolism inhibition targets LSCs but not HSCs in combination with

amino acid inhibition. Related to Figure 7.

A. Viability of LSCs isolated from relapse/refractory AML patients and cultured without amino acids, 50

µM SSO, or without amino acids and SSO for 24 hr relative to vehicle treatment. B. OXPHOS levels in

LSCs isolated from relapse/refractory AML patients and cultured without amino acids, 50 µM SSO, or

without amino acids and SSO for 4 hr. Each dot represents an individual patient sample treated in vitro.

Specimens 1, 2, 8, 16 and 17 were used for analysis in A and B. C. Percentage of normal

CD34+/CD45+ cells in mobilized peripheral blood after treatment with 500 nM venetoclax with 2.5 µM

azacitidine, 50 µM SSO, or venetoclax with azacitidine and SSO for 24 hr. Each dot represents a

individual patient specimen. D. Colony forming ability of mobilized peripheral blood after treatment with

500 nM venetoclax with 2.5 µM azacitidine, 50 µM SSO, or venetoclax with azacitidine and SSO for 24

hr. CFU-GM = colony forming unit - granulocyte/monocyte, BFU-E = burst forming unit - erythroid. (n=3)

Statistical analysis was performed using two-way Anova. ** p<0.01, **** p<0.001
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